well as the land disposal of lagoon waste can impact soil and ground water quality (Westerman et al., 1995). and thus subject to leaching to the ground water.
arthen-lined waste lagoons have been used extenAtlantic coastal plain. Average annual NO Ϫ 3 -N concensively and have become integral components of trations of 5 to 30 mg L Ϫ1 have been reported in subsurmany concentrated animal operations (CAO). Kosco face drainage beneath spray fields in North Carolina and Hall (1999) estimated that there were more than (Evans et al., 1984; Sloan et al., 1999) . They also re-6600 CAO with more than 1000 animal units in the USA ported maximum NO Ϫ 3 -N concentrations Ͼ 100 mg L Ϫ1 in 1992. Lagoon waste often contains relatively high in the same study. Sievers and Fulhage (1992) claimed concentrations of N, P, inorganic cations and anions, that 75% of the rural wells tested in Missouri exceeding organic matter, and other compounds. Ammonium is the USEPA imposed NO Ϫ 3 limit for drinking water were one of the dominant inorganic chemical constituents in within 150 m of a livestock operation. animal waste with concentrations varying from 600 to Ammonium sorption in soil has been extensively in-2000 mg L Ϫ1 (Ham and DeSutter, 1999a (Dalal, 1975) . at rates between 2000 and 3000 kg ha Ϫ1 yr Ϫ1 (Ham and However, no study has been found to study the interacDeSutter, 1999b). Further, seepage losses of the lagoon tions of NH ϩ 4 with soils exposed to liquid animal waste, contents from the sides and the bottom of the basin as which has a much more complex matrix than the above propylene centrifuge tube, shaken at 180 strokes min Ϫ1 for 6, in soils exposed to swine waste will also be studied. 12, 24, 36, 48, 60, 72, 84, 96, 108, 120 , and 144 h at room temperature, and then centrifuged at 1250 ϫ g for 5 min. The supernatants were filtered through Whatman #42 filter paper
MATERIALS AND METHODS
and analyzed for NH ϩ 4 using a flow injection automated ion
Soil and Swine Waste Samples
analyzer (Lachat QuikChem 8000, Lachat Instrument, Milwaukee, WI). The amount of NH ϩ 4 sorbed by the soil was Kennebec silt loam and Haynie very fine sandy loam were calculated based on the difference between the initial and used in this study. The Kennebec and Haynie soils were colfinal NH ϩ 4 concentrations in the supernatants. The residual lected from the North Agronomy Farm and Ashland Horticulsoil samples were stored at 4ЊC for the later desorption studies. ture Farm, respectively, of Kansas State University in ManhatFor the sorption isotherm experiment, the NH ϩ 4 in the liquid tan, KS. The Kennebec soil was sampled from the surface waste solution was initially removed by adjusting the pH to (5-20 cm) of control plots that had received no N fertilizer Ͼ10 and then constantly stirring at 80ЊC to achieve 90% reor manure for 10 yr in a long-term tillage experiment. The moval, which was later confirmed by measuring the NH ϩ 4 the two soils (Fig. 2 ). When exposed to the simple (NH 4 ) 2 SO 4 solution matrix, the sorption of NH ϩ 4 in both soils reached equilibrium within 6 h, whereas it took Desorption Study close to 80 h to reach equilibrium when the two soils
The residual soil samples from the above-mentioned sorpwere exposed to liquid swine waste. Pattern of NH in the two soils. Compared with the Kennebec soil, the Haynie soil conStatistical Analysis tains much lower clay and organic matter and CEC, resulting in lower sorption of NH ϩ 4 when exposed to simple
The experimental data were analyzed using the PROC MIX tion in the Haynie soil compared with that when exposed bec soil sorbed significantly (p Ͻ 0.05) greater amounts, almost 60 to 80% more NH ϩ 4 than the Haynie soil (Fig. 1) . to (NH 4 ) 2 SO 4 solution (Fig. 1) . The high amount of DOC present in the swine waste (Table 2) The two-step sorption behavior for NH ϩ 4 in the Kennebec and Haynie soils exposed to both (NH 4 ) 2 SO 4 and variety of ketones, aldehydes, and other carbonyl compounds react chemically with NH ϩ 4 under alkaline condiswine waste solutions (Fig. 2) suggests that there may be two sets of binding sites in the soils, each with its tions. Ammonia is also known to react with reducing sugars to form brown-colored nitrogenous polymers own binding strength and adsorption maxima. These binding sites have often been classified as exchangeable (Stevenson, 1994) . Formation of esters by reacting with carboxylic esters may also play a minor role (Burge and and nonexchangeable sites (Silva and Bremner, 1966; Mengel and Scherer, 1981; Kudeyarow, 1981; Keeney Broadbent, 1961) . The DOC in the swine waste may not affect the sorption of NH ϩ 4 in the Kennebec soil as and Nelson, 1982; Nommik and Vahtras, 1982; Steffens and Sparks, 1999) . There exists a dynamic equilibrium much as that in the Haynie soil. It is because compared with the Haynie soil, the Kennebec soil has more than between soil clay and exchangeable and nonexchangeable NH ϩ 4 (Nommik, 1965; Nommik and Vahtras, 1982 would occupy most of the exchangeable sites before they are exposed to the (NH 4 ) 2 SO 4 and swine waste solutions (Fig. 1) .
fixed on nonexchangeable sites because the slow reaction is the rate-determining process. When exposed to the (NH 4 ) 2 SO 4 solution, the Kenne- 
The linearized Langmuir model was fitted for the first
Comparatively higher organic matter and clay confive data points in Fig. 2 and the resulting parameters tents present in Kennebec soil (Table 1 ) may have con-(b and K) are presented in Table 3 . The last data point tributed to its higher NH ϩ 4 sorption capacity when exwas omitted in the above calculation for the Langmuir parameters because it appears to fall in the nonexchangeable region at this NH (Table 3) . The corresponding values for the two soils exposed to the (NH 4 ) 2 SO 4 solution were 909 and 217 mg NH (Table 3) . Therefore, the Kennebec soil has a higher NH ϩ 4 sorption capacity compared with the Haynie soil. Moreover, the Haynie soil showed a greater response to the liquid manure exposure. This is reflected by the greater difference between the adsorption maxima for the soil exposed to the liquid swine waste and that ex- with the Kennebec soil. where C e and q e are the equilibrium concentrations of species of interest in the solution phase (mg L Ϫ1 ) and sorbed on the solid phase (mg kg Ϫ1 ), respectively. The parameter b (mg kg Ϫ1 ) is the maximum amount of species of interest that can be adsorbed on the solid phase at monomolecular layer capacity. K is Langmuir constant (Sparks, 2003) .
posed to the (NH 4 ) 2 SO 4 solution. Burge and Broadbent soil was exposed to the liquid swine waste compared (1961) reported a linear positive correlation between with the (NH 4 ) 2 SO 4 solution. the percentage of C in soil and chemical fixation of
Results of a sequential extraction procedure per-NH ϩ 4 in SOM. Wang and Alva (2000) also found that formed on the same soil samples used in the above the SOC was positively correlated with potential NH ϩ 4 desorption kinetics studies are shown in Fig. 4 . No more buffering capacity. In addition, surface area of soil parti-NH ϩ 4 could be extracted after two consecutive extraccles could possibly be another factor of importance betions with 0.01 M CaCl 2 . Both soils retained significantly cause it plays an important role in sorption of organic (p Ͻ 0.05) more NH ϩ 4 sorbed from the swine waste than and inorganic substances (Scheidegger and Sparks, 1996) . from the (NH 4 ) 2 SO 4 solution. Luthy (1985) reported that organic matter present in wastesorbed was desorbed from soils exposed to the liquid water could form complexes with a fraction of soluble swine waste than that exposed to the (NH 4 ) 2 SO 4 soCa 2ϩ ions. To a certain extent, complexation of Ca 2ϩ in lution.
waste might also have contributed to lower desorption Stronger retention of swine waste-derived NH In both sequential extractions, the Haynie soil eventusolution, may be due to the sorption of DOC from swine ally had significantly (p Ͻ 0.05) more NH ϩ 4 retained waste on soil colloidal surfaces. Ammonium sorption than the Kennebec soil (Fig. 4) . Since this observation on soil may have occurred with the possible formation was made irrespective of the type of the matrix, this of NH ϩ 4 -DOC chemical complexes (Stevenson, 1994) . may be due to some soil-related factor such as clay This supports our observation that more NH ϩ 4 can be mineralogy. The potential for NH ϩ 4 fixation in interlayer desorbed from a soil that was exposed to a simple matrix positions of mica in the Haynie soil may have played a [the (NH 4 ) 2 SO 4 solution] as compared with a complex role. Douglas (1989) and Fanning et al. (1989) pointed matrix (the liquid swine waste). Thus, sorption-desorpout that vermiculite and mica are usually considered to tion studies using (NH 4 ) 2 SO 4 solutions may lead to errobe K ϩ and NH ϩ 4 fixing minerals. Although the Kennebec neous conclusions about a waste-added soil system, with soil contained relatively higher mica content, the interpossible overestimations of NH ϩ 4 losses from the exlayer positions of this mica may have already been occuchange complex of the soil.
pied with NH ϩ 4 ions, probably because the Kennebec Stronger retention of swine waste-derived NH ϩ 4 by soil had almost 2.6 times more total N content compared the Haynie soil (Fig. 3 ) may be largely due to its enwith the Haynie soil (Table 1) . However, the exact mechahanced response as a result of the exposure to the DOC nism of stronger retention NH 
NH 4
؉ Sorption and Desorption in the Two Soils tracted from swine waste. They found a greater soil The effects of DOC and pH, the major factors associsorption of DOC extracted from swine waste compared ated with the complex liquid swine waste, on NH ϩ 4 sorpwith that from dairy and poultry waste. Various mechation in the two soils were tested. Ammonium sorption on both soils was positively correlated with the DOC concentration of the solutions to which the soils were exposed (Fig. 5a ). When exposed to the (NH 4 ) 2 SO 4 solutions without DOC, the Kennebec and Haynie soils sorbed about 300 and 185 mg NH ϩ 4 -N kg Ϫ1 soil, respectively, significantly lower then the amount of NH ϩ 4 sorbed when the soils were exposed to the modified swine waste solutions containing DOC. In general, for each 250-mg L Ϫ1 increment in DOC in the solution, there was a 20 to 30% increase in NH ϩ 4 sorption. The results of desorption study on the same samples for the sorption study are shown in Fig. 5b . A negative linear correlation exists between the percentage of sorbed NH ϩ 4 that can be desorbed and the DOC concentration in the solutions to which the soils were initially exposed during the sorption study. When the soils were exposed to the (NH 4 ) 2 SO 4 solution only, significantly higher percentage of sorbed NH ϩ 4 was desorbed compared with that for soils exposed to the swine waste solutions containing DOC (Fig. 5b) . When the DOC concentration in the waste solution reached to 1232 mg L Ϫ1 , the DOC concentration in the original liquid swine waste (Table 2) , the highest amount of NH ϩ 4 was sorbed (Fig. 5a ) and the least amount was desorbed (Fig. 5b) later on. The DOC appears to stimulate the sorption and retard desorption of NH ϩ 4 in the two soils exposed to the swine waste solutions. Presumably, DOC in swine waste may lower the risk of NO Ϫ 3 leaching from soils in swine lagoon environments.
The positive correlation between the NH Table 2 .
tial DOC extracted from farmyard manure and the nisms for DOC sorption on soil have been proposed. NH ϩ 4 present in the system (Stevenson, 1994) . The pH of equilibrating solutions used in our study was 8.2. A These mechanisms include electrostatic forces, hydrogen bonding, physical attractions driven by entropy changes, wide variety of ketones, aldehydes, and other carbonylcontaining compounds are known to react with NH ϩ 4 and cation bridging or ligand exchange (Greenland, 1965a (Greenland, , 1965b Mortland, 1970; Theng, 1974; Jardine et al., 1989 ; under alkaline conditions. The effect of pH on NH ϩ
